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Some embodiments of the mvention include a method for
capturing and analyzing monitoring data of a measuring
system. In some embodiments, the measuring system may
include one or more sensors and being adapted for a mea-
suring operation of a series of 1dentical objects the measur-
ing operation comprising a multitude of measuring
sequences, each measuring sequence comprising the mea-
suring ol values of features of an object of the series, the
method comprising a multitude of monitoring operations,

wherein each monitoring operation comprises capturing
monitoring data during a measuring sequence, the monitor-
ing data of each measuring sequence including at least one
image comprising the measuring system and/or a measure-
ment environment, characterized by selecting a subset of
measuring sequences from the multitude of measuring
sequences; and visualizing an 1mage sequence comprising
the 1mages of the monitoring data of the measuring
sequences ol the subset.
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METHOD AND SYSTEM FOR ANALYZING
PROCESS MONITORING DATA

FIELD

The present invention pertains to the field of quality
assurance for production processes. More specifically, the
present invention relates to a system and a method for
supervising and analyzing the monitoring of the output of a
production process. This includes interpreting large data sets
of basically i1dentical measurement scenes collected over
hours and days, visualizing monitoring data and trends
throughout a shift using e.g. split screen and colour mapping,
for tool equalization and maintenance, 1dentifying systems-
atic errors, patterns and trends.

BACKGROUND

It 1s common practice during the industrial production of
goods such as a car to measure features and properties of 1ts
different components. These measurements can be carried
out 1n special measurement cells by means of either contact
or non contact measuring gauges, for example based on laser
or photogrammetric principles. Such a procedure, for
istance, 1s disclosed 1n DE 195 44 240 Al.

U.S. Pat. No. 7,672,500 discloses a method for monitor-
ing and visualizing the output of a production process,
whose output materials or objects are inspected by one or
more 1spection units. The ispection units scan or other-
wise 1nspect each of a series of objects or material being
produced by a production process and an 1image 1s generated
representing each of the ispected objects, wherein differ-
ences between the objects and information on the entire
process can be visually coded.

The purpose of such methods 1s to determine possible
errors of the measured object after production. Disadvanta-
geously though, 1n the measurement process, there can occur
vartous additional errors, that prevent or complicate the
determination of the errors of the object. This 1s especially
the case 11 a high precision detection of errors 1s needed.

On the one hand, errors can occur in the positioning of the
object during the measurement, and on the other hand,
turther errors can occur in the measurement of every single
sensor that 1s used for measuring the object.

From the European patent application with the application
number 12425140.6 a method and device for minimizing,
errors 1n the positioning of the measured object are known.
The solution disclosed therein utilizes a reference position-
ing system (RPS) for placing and aligning objects, for
instance a car body, on a support. However, the disclosed
solution does not consider sensor-inherent errors.

The method disclosed 1n the European patent application
with the application number 13005240.0 allows the compi-
lation of spatial measuring data from various sources about
a single object mto a single output file. According to this
document, spatial measuring data can be processed to trans-
form and integrate the data into a common reference system
to be able to compare the measuring data with CAD data and
to display the results 1n a unified way.

SUMMARY

In some embodiments, a report 1s outputted per every
measurement cycle. Each report has to be reviewed and
analyzed separately and independently, and cannot be com-
pared easily to other cycle reports. In particular, 1t cannot be
compared from a visual point of view to other cycles
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performed in the same day or shift. In-line errors are thus
difficult to spot and be attended.

Some embodiments of the present invention provide an
improved method and an improved system for identifying
problems in the production process.

Some embodiments of the present mvention include a
method and system for determining possible errors of a
measured object after production or of production process
fluctuations.

Some embodiments of the present mvention include a
method and system for monitoring the process stability of a
measuring system.

Some embodiments of the present invention include a
method and system, wherein the amount of data and the time
for computing, analyzing and reporting are reduced.

Some embodiments of the present invention include
method and system for an improved monitoring and visu-
alizing of the output of a production process.

Some embodiments of the present mvention include a
method and system that allows a user to easily recognize
long-term patterns, such as trends 1n quality or iterations of
systematic problems, in the production process.

Some embodiments 1include methods that are designed to
be used for tool equalization and maintenance, problem
solving, pin pointing time of trend shift from steady state
and 1dentifying error sources by identifying systematic
errors, patterns or trends 1n the production process.

Some embodiments 1nclude methods that are provide end
users with a high level analysis by watching an image
sequence, 1.€. a quick video clip. This video clip results from
an automated or semi-automated generation of an image
sequence out of existing measurement data (files or streams)
that will allow unified multi-sensor results visualization. The
method gives the user possibilities for interpreting large data
sets of a multitude of 1dentical objects collected over hours
and days and quickly generates a lightweight high quality
video clip 1n standard format which does not require a
special program for viewing.

The method for capturing and analyzing monitoring data
ol a measuring system according to the present invention 1s
adapted for monitoring the background of an object during
a measurement of features of the object (1.e. for monitoring
not the object 1itself but its surroundings) and allows visu-
alization of a large dataset of measurement results and trends
using e.g. split screen, colour mapping, on-screen statistics,
highlights, summaries and comparisons, thus making the
changes 1n measurement results over time more easily
observable by a user. This can provide information about the
produced objects and how the environment or background in
which the objects are being produced 1s changing.

Thus, one aspect of the present invention pertains to a
method for capturing and analyzing monitoring data of a
measuring system, the measuring system comprising one or
more sensors and being adapted for a measuring operation of
a series of basically 1dentical objects, the measuring opera-
tion comprising a multitude of measuring sequences, each
measuring sequence comprising the measuring of values of
features of an object of the series. This method comprises a
multitude of monitoring operations, wherein each monitor-
Ing operation comprises capturing momtoring data during a
measuring sequence, the monitoring data of each measuring
sequence including at least one 1mage comprising the mea-
suring system and/or a measurement environment. Accord-
ing to the invention, this method furthermore comprises
selecting a subset of measuring sequences from the multi-
tude of measuring sequences, and visualizing an i1mage
sequence comprising the images of the monitoring data of
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the measuring sequences of the subset, wherein the order of
the 1mages 1n the 1image sequence 1s optimized for deter-
mimng changes occurring in the measuring system and/or in
the measurement environment and/or the production line
including sourced materials.

The term “basically identical objects” in terms of this
application 1s to be understood as meaning the same kind of
objects or bemng small variants of the same product, 1n
particular wherein the objects differ from each other—if at
all—only within given production tolerances and/or by
alterations from the planned design due to production errors.
In particular, basically identical objects 1n terms of this
application are more than 95% i1dentical.

In one embodiment, the method according to the mnven-
tion comprises subtracting data of the measured object from
the monitoring data of the measuring sequences of the subset
before visualizing the 1mage sequence.

In another embodiment of the method, the visualization
comprises colour mapping. In a further embodiment of the
method, the image sequence provides the images in a
non-chronological order.

In one embodiment of the method, the subset comprises
no more than a tenth of the total number of measuring
sequences of the same time period, 1n particular no more
than a fiftieth.

In one embodiment of the method, the monitoring opera-
tions are performed only for the subset of the measuring
sequences. In another embodiment, each monitoring opera-
tion comprises capturing an image at a pre-defined condition
of the measuring system or at a pre-defined point 1n time of
the measuring sequence.

In a further embodiment of the method, the measuring
sequences of the subset are distributed evenly over the
multitude of measuring sequences.

In another embodiment of the method according to the
invention, for preventing artifacts, the subset of the measur-
ing sequences are distributed unevenly over the multitude of
measuring sequences. In particular, the distribution of moni-
toring operations 1s at least partially subject to a random-
1zation.

In a particular embodiment, the momtoring data com-
prises temperature data of a surface of a part of the mea-
suring system and/or of the measurement environment.

In a further embodiment of the method according to the
invention, the visualization comprises a statistical analysis,
particularly comprising a Fourier analysis for identifying
periodical events.

The mvention also pertains to a process monitoring sys-
tem for capturing and long-term analyzing of monitoring,
data of a measuring system, the measuring system compris-
ing one or more sensors and being adapted for a measuring
operation of a series of same objects, the measuring opera-
tion comprising a multitude of same measuring sequences,
cach measuring sequence comprising the measuring of val-
ues of features of an object of the series. This monitoring,
system comprises at least one monitoring means adapted to
perform a multitude of monitoring operations, wherein each
monitoring operation comprises capturing monitoring data
during a measuring sequence, the monitoring data including
at least one 1mage of the measuring system and of a
measurement environment. According to the mvention, the
monitoring system comprises computing means adapted to
select a subset of measuring sequences from the multitude of
measuring sequences, and adapted to visualize an 1mage
sequence comprising the images ol the monitoring data of
the measuring sequences of the subset, wherein the order of
the 1mages 1n the 1mage sequence 1s optimized for deter-
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mining changes occurring in the measuring system and/or in
the measurement environment.

In one embodiment of the process monitoring system
according to the invention, the at least one monitoring means
1s a part of the measurement system and adapted to measure
values of features of an object of the series.

In another embodiment of the process monitoring system,
the at least one monitoring means 1s adapted to capture
surface temperature data of a part of the measuring system
and/or of the measurement environment.

In a further embodiment of the process monitoring sys-
tem, at least two monitoring means adapted to capture at
least two 1mages at the same time from different positions,
two 1mages 1n different wavelengths, a stereoscopic 1mage,
and/or an 1mage and a point cloud of the same surface.

In one embodiment, the computing means 1s adapted to
subtract data of the measured object from the captured
monitoring data.

In another embodiment, the computing means 1s adapted
to analyze the monitoring data statistically. Particularly, the
computing means 1s adapted to perform a Fourier analysis
for 1dentitying periodical events.

In another embodiment, the computing means 1s adapted
to match monitoring data from various measurement sys-
tems and integrate them to a single view. Particularly the
computing means 1s adapted to perform part matching and
flush and gap analysis to determine match between key
assembled parts betfore their actual assembly.

The invention also pertains to a computer programme
product, comprising programme code which 1s stored on a
machine-readable medium, or being embodied by an elec-
tromagnetic wave comprising a programme code segment,
having computer-executable instructions for performing, in
particular when run on a computing means of a process
monitoring system according to the mvention, at least the
tollowing steps of the method according to the invention:

selecting a subset of measuring sequences from the mul-

titude of measuring sequences; and

visualizing an 1mage sequence comprising the images of

the monitoring data of the measuring sequences of the
subset, wherein the order of the images 1n the 1mage
sequence 1s optimized for determining changes occur-
ring in the measuring system and/or in the measure-
ment environment.

Another aspect of the invention relates to a method for
monitoring and visualizing the output of a production pro-
cess. According to this aspect, such a method comprises a
multitude ol inspection processes ol a set of basically
identical objects, each object having one or more features,
cach 1nspection process comprising measuring and/or
extrapolating one or more inspection values of at least one
feature of an object of the set by means of at least one sensor
system comprising at least one sensor. The method further
COMprises

storing corresponding ispection and/or difference values

from each 1nspection process together with meta data of
the respective inspection process in a data storage
device, the difference values being determined by com-
paring at least one of the mspection values against a
corresponding stored nominal value, the meta data
comprising an identifier of the respective object,
ispection process and/or sensor system and/or a time
of 1nspection; and

generating a video output comprising a visual report

template for sequentially presenting data of a multitude
of the objects to a user, wherein for each object of the
multitude the video output comprises a simultaneous
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presentation of at least two diflerent views on repre-
sentations of the object, visualized inspection and/or
difference values, and meta data.

One embodiment of this method comprises selecting a
subset of mspection processes from the multitude of inspec-
tion processes for presenting data of a multitude of objects
corresponding to the subset, particularly wherein the subset
comprises no more than a tenth of a total number of
ispection processes of a given time period, in particular no
more than a fiftieth. Optionally, the inspection processes of
the subset are distributed evenly over the multitude of
ispection processes, 1 particular wherein the data 1s pre-
sented 1n the video output corresponding to a chronological
order of the mspection processes. Alternatively, for prevent-
ing artifacts, particularly for preventing aliasing eflects, the
inspection processes of the subset are distributed unevenly
over the multitude of inspection processes, 1 particular
wherein the distribution of inspection processes 1s at least
partially subject to a randomization function.

In another embodiment of the method, a computing
device 1s used to generate, based on the mspection and/or
difference wvalues, a model of each of the multitude of
objects, particularly of each mspected object. Particularly,
the models are three-dimensional models and/or are used as
representations of the objects 1n the video output.

In a further embodiment of the method, a computing
device 1s used to perform statistical analysis on correspond-
ing nspection and/or difference values associated with cor-
responding points on each of the inspected objects to derive
a statistical analysis based data set, particularly wherein the
appearance of the visual report template 1s based on the data
set.

The second aspect of the mmvention also relates to a
process monitoring system for capturing and long-term
analyzing inspection data of the output of a production
process. It comprises a sensor system having one or more
sensors and being adapted for performing a multitude of
ispection processes on a set of basically identical objects,
cach 1nspection process comprising measuring and/or
extrapolating one or more mspection values of at least one
feature of an object of the set, and a data storage device
adapted to storing corresponding inspection and/or difler-
ence values from each inspection process together with meta
data of the respective inspection process, the difference
values being determined by comparing at least one of the
ispection values against a corresponding stored nominal
value; the meta data comprising an 1dentifier of the respec-
tive object, mspection process and/or sensor system and/or
a time of 1spection.

According to the invention, the process monitoring sys-
tem comprises computing means adapted to generate a video
output comprising a visual report template for sequentially
presenting data of a multitude of the objects to a user,
wherein for each object of the multitude the video output
comprises a simultaneous presentation of at least two dii-
ferent views on representations of the object, visualized
inspection and/or difference values, and meta data.

The second aspect of the invention also relates to a
computer programme product, comprising programme code
which 1s stored on a machine-readable medium, or being
embodied by an electromagnetic wave comprising a pro-
gramme code segment, having computer-executable mstruc-
tions for performing, in particular when run on a computing,
means of the process monitoring system according, at least
the following step of the method for momtoring and visu-
alizing the output of a production process: Generate a video
output comprising a visual report template for sequentially
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presenting data of a multitude of the objects to a user,
wherein for each object of the multitude the video output
comprises a simultaneous presentation of at least two dii-
ferent views on representations of the object, visualized
ispection and/or difference values, and meta data.

BRIEF DESCRIPTION OF THE FIGURES

The invention 1n the following will be described 1n detail
by referring to exemplary embodiments that are accompa-
nied by figures, 1n which:

FIG. 1 shows an exemplary measuring system for mea-
suring the output of a production process, measuring fea-
tures of an object;

FIG. 2 shows an exemplary embodiment of a monmitoring
system according to the imnvention for capturing and analyz-
ing monitoring data of a measuring system;

FIG. 3 illustrates a first exemplary embodiment of a
method for capturing and analyzing monitoring data of a
measuring system according to the invention;

FIG. 4 illustrates a second exemplary embodiment of a
method for capturing and analyzing monitoring data of a
measuring system according to the ivention;

FIGS. 5a-b 1llustrate two exemplary subsets ol measuring,
sequences, captured monitoring data of which being used for
the generation of an 1mage sequence;

FIG. 6 shows an 1mage of a measuring system as captured
by the monitoring means for use 1n an 1mage sequence;

FIG. 7 shows the image of FIG. 4 after subtraction of the
object data;

FIG. 8 shows a video clip as an 1image sequence com-
prising a multitude of images of the same measuring system;

FIG. 9 shows a visualization of image sequences and
further data on a screen:

FIG. 10 1llustrates an exemplary embodiment of a method
for visualizing the output of a production process 1n a video
sequence;

FIG. 11 shows a freeze image of a video output as
displayed on a computer screen;

FIG. 12 shows the freeze image of FIG. 11 with additional
statistical 1nformation, markings, and highlighting of
detected 1ssues.

DETAILED DESCRIPTION

FIG. 1 shows an abstract example of a measuring system
20 measuring a number of features 15,16,17 of an object 10
for the purpose of quality control. The shown exemplary
embodiment of a measuring system 20 according to the
invention 1s adapted to measure spatial data of the object 10,
particularly after the production of the object 10. The
depicted measuring system 20 comprises three different
sensors 21,22.23, which are adapted for measuring values of
the three different features 15,16,17 of the object 10.

FIG. 2 shows an exemplary embodiment of a process
monitoring system 1 for monitoring a measuring system 20
of a production line 2. The measuring system 20 measures
a series ol same objects after production—in this example
these objects are cars 10.

The measuring system 20 comprises two different sensors
21,22 and 1s adapted to perform a measuring sequence for
cach car 10, wherein each measuring sequence comprises
measuring values of features of the car 10 by means of the
sensors 21,22.

The depicted exemplary measuring system 20 comprises
two measuring robots having a first and a second sensor

21.22. The first sensor 21 1s a white light scanner (WLS) and




US 9,582,870 B2

7

the second sensor 22 1s a laser scanner. The WLS measures
the outside surface of the car 10. The laser scanner measures
(in parallel to the WLS) only edges of the car 10 for flush
and gap information.

The process monitoring system 1 comprises a monitoring
means 3 1 form of a camera adapted to take images of the
measuring system 20 during a measuring sequence. As
known from prior art, the 1mages can be provided to a user
in real time or—for a short-term analysis—as a video clip,
for 1nstance after the end of each shiit or as defined by the
user.

The process monitoring system 1 can comprise a plurality
of different monitoring means, for instance for synchro-
nously taking images from diflerent viewpoints. Optionally,
also sensors of the measuring system 20 can be used as
monitoring means of the process monitoring system 1.

The process monitoring system 1 furthermore comprises
computing means 4, which according to the mvention are
adapted to visualize captured monitoring data of a small
subset of the measuring sequences 1n a video clip of the
images of the monitoring data of the subset of the measuring
sequences.

The visualized subset comprises only a small part of the
measuring sequences, in particular no more than a tenth of
the total number of measuring sequences of the visualized
period of time, especially no more than a fiftieth. Due to this,
the frame rate of the film 1s low-Irequent compared to the
frequency of the measuring sequences. This allows the
identification of long-term changes of the measurement
system which are only visible at a low frequency.

Preferably, the computing means 4 are adapted to subtract
data of the measured object from the captured monitoring
data. This allows the user to focus on the changes in the
background of the object, 1.e. the measuring system and the
measurement environment.

Together, the subtraction of the object data and the use of
a small subset significantly reduce the amount of data that
needs to be stored for this long-term analysis.

FIG. 3 1s a flow-chart illustrating a first exemplary
embodiment of a method for capturing and analyzing moni-
toring data of a measuring system according to the inven-
tion.

The method comprises a measuring of an object of a series
of identical objects, for instance after the production of these
objects. During the measuring of the object, a monitoring
system takes 1images of the measuring sequence, 1.e. of the

measuring system, the object and the background. These

images and source data are stored on a central server. These
steps are repeated for every object of the series of identical
objects, the series being for mstance the number of objects
produced 1n a week, 1n a given number of shiits or in another
period of time. Preferably, the data 1s made available for the
computing application, so that 1t 1s accessible on demand.

From the stored images, 1mages of a subset of measuring,
sequences are selected automatically. This selection may be
pre-defined and/or subject to a randomization or to user
defined settings on the fly (e.g. to analyze a specific occur-
rence).

From the selected subset of 1mages an 1mage sequence 1s
created, for instance in form of a video clip. The order of the
images of the image sequence 1s optimized for determining
changes occurring in the measuring system and/or the mea-
surement environment. This means that the images are not
necessarily 1n a chronological order or in the order of the
objects” serial numbers. Preferably, also the subset is
selected 1n order to allow an optimal determining of changes

occurring in the course of the measuring operation for the
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analyzed period of time, e.g. the shift or day. Finally,
together with further data of the measuring sequences, meta
data about the objects and production process, the image
sequence 1s displayed to a user for allowing the user to
determine changes occurring 1n the measuring system and/or
in the measurement environment.

FIG. 4 1s a flow-chart illustrating a second exemplary
embodiment of a method for capturing and analyzing moni-
toring data of a measuring system according to the inven-
tion. Additionally to the steps described above for FIG. 3,
the method depicted 1n FIG. 4 comprises the step of sub-
tracting object data from the images. This does not only
reduce the size of the single image files but also helps the
user to concentrate on the data of the measuring system and
of the background influences.

In an alternative embodiment of the method, a subset of
measuring sequences 1s selected betfore the beginning of the
measurement process and images are taken only of the
measuring sequences of this subset. Then, all stored 1images
are used for creating the image sequence representing the
subset of measuring sequences.

FIGS. 5a and 55 show a number of consecutive measuring,
sequences (represented by the elevations), each with an
exemplary subset of measuring sequences (represented by
the black elevations), captured monitoring data of which
being used for the generation of an 1mage sequence.

In FIG. 5a the subset 1s distributed evenly over the
multitude of measuring sequences, comprising every tenth
measuring sequence. An even distribution facilitates an
in-line trend analysis when visualizing large data set mea-
surements along a timeline, e.g. when arranging the 1mages
in the 1mage sequence 1n a chronological order.

In FIG. 5b the subset 1s distributed unevenly over the
multitude of measuring sequences. This uneven distribution
prevents the formation of artifacts in the image sequence. In
particular, this pertains to aliasing eflects, which can occur
due to an unplanned and unforeseeable relationship between
a certain constant measuring frequency (as shown in FIG.
5a) and the frequency of a periodic occurrence in the
measured 1mages. This periodic occurrence could then be
falsely interpreted or overlooked.

The uneven distribution can have a pre-defined pattern, or
be subject to a randomization function. Also, a partial
randomization can be used, 1.e. a combination of a pre-
defined pattern and a randomization.

FIG. 6 shows an 1image taken by a monitoring means of
the measuring system during a measuring operation. The
image comprises the sensors of the measuring system, the
measured object and the measuring background. The back-
ground comprises all other objects and surfaces, such as the
measuring robots.

FIG. 7 shows the image of FIG. 6, from which the data of
the measured objects has been subtracted, 1.e. the object
itself 1s not displayed 1n the 1mage. For this subtraction, the
object 1s recognized 1n the 1mage and the data relating to the
object 1s cut out. Advantageously, this reduces the size of the
image files and also helps the user to concentrate on the data
from the measuring system and the background when watch-
ing the 1image sequence.

Alternatively, 1f the background as well as the measured
object 1s of interest, mstead of subtracting data, measure-
ment data of the objects as described with respect to FIGS.
10 to 12 can be added.

FIG. 8 illustrates an 1mage sequence in form of a video
clip. As described for FIG. 7, object data has been subtracted
from each 1mage of the image sequence.
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For generating the 1mage sequence, images of the mea-
surements of hundreds of identical objects being measured
by a measuring system every hour, shift or day are used.
These 1images are then compiled into an 1image sequence

such as the depicted video clip where each frame 1s one of 5

the 1mages.

The video clip provides a quick and easy overview of an
entire period ol production—the measuring process of the
produced objects 1s displayed 1n a clear and comparative
format. An analysis based on the video thus neither con-
sumes much time nor manpower. The video clip provides
information about the production environment. Problems 1n
the measuring process, 1n particular systematic errors, pat-
terns and trends, can thus be easily i1dentified, which can
serve as a basis for tool equalization and maintenance.

The generation of the video clip 1s preferably based on a
data server. It offers various triggering, selection and sorting
functionalities that are not necessarily linked to a time
sequence, 1.e. the images of the image sequence do not have
to be displayed in the chronological order of their creation.
The image sequence 1s generated tully automatically without
requiring any operator involvement. A serial number 1s
associated with each image which can be referenced for
turther information.

The generation of the video clip may comprise integration
with rules and process control and also trend detection. For
instance, consecutive occurrences of a trending event will
trigger the generation of a video clip with these parts
included 1n the range.

The order of the 1mages 1n the video clip 1s not necessarily
chronological but rather optimized for determining changes
occurring 1n the measuring system and 1n the measurement
environment. Particularly a chronological order of the
images allows an 1n-line trend analysis by visualizing large
data set measurements along a timeline.

Soitware of the computing means may detect changes 1n
the measurement system and environment data and highlight
these for easier recognition by the user. Problematic
instances can be automatically detected by the software and
then marked the 1n video clip. A user can be enabled to add
comments to those measurements. Additional visual analy-
ses, such as graphical diagrams may be included in the clip
as a summary.

Customized colour legends for each slide can be pro-
vided, including histograms and continuous or discrete
modes.

Preferably, the user 1s enabled to sort and filter the 1images
of the image sequence. Particularly, this includes sorting by
time stamp and filtering options to a multi-results tree (as for
instance included in the CoreView software) in order
exclude certain results from the 1image sequence.

The visualization may also comprise at least one of the
tollowing:

unifying subtracted monitoring data into single view data

from multiple measurement systems or multiple mea-
surement sequence on a similar object type;
presenting integrated statistical info about the 1mage and
analysis such as histogram, average value, ranges, efc.;
highlighting points 1n time and measured data which 1s of
interest according to predefined rules; and
matching data from different measurement system moni-
toring data to perform automatic or semi-automatic
matching for predicting fit and finish quality.

FI1G. 9 illustrates the visualization of data from a multi-
tude of monitoring means 1 a visual report template 70
comprising a split screen. The split screen visualization
provides a number of 1mage sequences 71-74 each taken by
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a different monitoring means of the same subset of measur-
ing sequences. It provides meta data 76 such as the date and
time at which the presently shown images have been taken
or ¢.g. the serial number of the measured object. Further-
more, measured data additionally can be presented 1n form
of histograms or other diagrams 79.

The depicted visualization screen comprises two 1mage
sequences 71-72 of the measuring sequences showing the
whole measuring system from two different viewpoints. It
also comprises two 1mage sequences 73-74 of the measuring
sequences showing details of the measuring system, or the
measurement environment, respectively. Here, two parts of
the measurement robots are shown. Colour mapping in the
images can be used to enhance the user’s intuitive capabili-
ties to quickly spot errors or problematic areas in the
visualization (not shown here). For instance, dimensional
deviations or changes 1n the spatial position of an object with
respect to a set value, for mstance CAD data of the mea-
suring environment, or with respect to the preceding image
can be illustrated by colours. Alternatively, absolute or
relative surface temperatures can be illustrated this way.

Additionally, a histogram 79 1s shown for visualizing
further monitoring data captured during the respective mea-
suring sequences. For instance, a temperature 1n the mea-
surement environment (€.g. a robot or ambient temperature)
for the presently visualized image of the 1image sequence and
the temperatures for the preceding and following images
might be displayed.

The user can select a range of measurements, e.g. the last
300 measurements of a specific part type, and a filtering and
sorting method (e.g. filter or sort by time, serial number,
deviation from set value, or measurement cycle state). The
user can also choose the type of visualization. This includes
the number of split screens, e.g. selecting the number of
image sequences displayed simultaneously, and the kind of
statistical summary.

The visualization may also comprise an automatic high-
lighting analysis, which, based on histogram analysis, auto-
matically zooms 1nto problematic areas or slows down the
video clips at points of quality degradation.

Also, a statistical analysis can be done belfore the visual-
ization, for instance comprising a Fourier analysis. The
statistical analysis can also include average deviations, com-
parisons of start to finish, or ranges. The analysis e.g. can be
used for determinming frequencies of repeatedly occurring
errors or changes, so that a cause for the errors or changes
can be determined and disabled.

The visualization can also comprise a fully automated
comparison of multiple cycle reports. Preferably, 1t grants a
user the ability to filter or screen presented data from specific
cycles, days, hours, lines or shiifts.

The generation of the visualization files can be triggered
by time (e.g. once a day or week), by quality (e.g. 11 too
many errors are detected) or on demand by a user. Prefer-
ably, the visualization can be auto-distributed after genera-
tion of a visualization file to a defined audience of users, e.g.
as an email attachment. Other auto-distribution options can
¢.g. comprise portal posting, saving the file to a network
drive or sending push notifications to selected users, includ-
ing to PC/Laptop, mobile and tablet devices.

FIG. 10 1s a flow chart illustrating an exemplary embodi-
ment of a method for visualizing the output of a production
process 1n a video sequence. The method starts with a first
ispection process on a first object which 1s one of a
multitude of basically 1dentical objects. “Basically identical”™
in this context 1s meant as either being the same product but
possibly differing to a small extent from each other due to
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non-uniform production circumstances, or being small vari-
ants of the same product, 1n particular more than 95%
identical. During the mnspection, which 1s performed by a
plurality of sensor units, mspection values of one or more
features of interest are measured or extrapolated.

After the object has been inspected, a model of the object,
particularly a three-dimensional model, 1s created by a
computing unit based on the mspection values determined
during the inspection process.

Then, by comparing one or more 1inspection values
against corresponding stored values, at least one diflerence
value 1s determined. The stored values particularly can be
taken from CAD data and be stored 1in a data storage of the
computing unit.

Then, the inspection and/or difference values of the first
object are stored 1n a data storage together with meta data of
the first mspection process. The meta data comprises for
instance an identifier of the object, such as a serial number
which has been read, e.g. by a barcode scanner or an RFID
scanner, a sequential number of the mspection process or an
identifier of the sensor system or systems performing the
ispection process. Furthermore, the meta data may com-
prise date and time of the mspection or data of the surround-
ing, such as temperature, air pressure and humidity at the
time of the mspection.

The above steps are repeated for all objects to be
inspected. After all objects have been inspected and all
values have been stored, from the multitude of inspection
processes a subset 1s selected for visualisation. This selec-
tion can be performed as described for FIGS. 5a and 55, 1.¢.
be distributed evenly or unevenly over the multitude of
ispection sequences. Again, the uneven distribution can
have a pre-defined pattern, or be subject to a randomization
function. Also, a partial randomization can be used, 1.e. a
combination of a pre-defined pattern and a randomization.
Alternatively, the subset may also comprise all inspection
processes.

The subset preferably 1s selected in such a way that
long-term patterns 1n the production process, such as trends
in quality or iterations of systematic problems, can be made
visible to the user.

Then, a statistical analysis 1s performed on inspection
values or difference values that are associated with corre-
sponding points on the inspected objects of the selected
subset. Based on this statistical analysis a data set 1s derived.

Based on the data set, a visual report template 1s defined
or provided, which allows a plurality of views of the
generated object models, and a video output 1s generated
based on the wvisual report template. The video output
comprises two or more simultaneous sequences of the object
models of the subset, showing the same model from diflerent
views simultaneously, wherein mspection or difference val-
ues are made visible, e.g. by means of a colour map.

The video output 1s stored as a file and can be distributed
to a plurality of users. The video output can then be watched
by a user, €.g. on a computer screen, and long-term patterns
can easily be recognized, to detect possible systematic errors
in the production process or trends in the quality of the
output.

FIG. 11 shows a possible result of the method of FIG. 10.
It shows the video output (as a freeze 1mage) generated by
the method as 1t could be shown to a user, e.g. on a computer
screen. The video output shows a visual report template 70
which comprises five different views 71-75 on a represen-
tation of an object that has been 1nspected as output of a
production process. In this example, the inspected object 1s
a bonnet for covering a car’s engine. The video output also
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visualizes meta data 76 of the inspection corresponding to
the shown object. In this example, the meta data comprises
a serial number of the object (“Output No.”) and the date and
exact time of the inspection. The video can be controlled by
the user by clicking on video control buttons 77, which
allow stopping the video (e.g. for looking at one visual
report template of special interest 1n detail), fast-forwarding,
or rewinding the video. Optionally, the user can also choose
the speed of the video, 1.e. how long a visual report template
70 1s visible until 1t 1s replaced by the next one.

In one of the five views the representation 1s an 1mage 75
of the object taken during the inspection, the other four
views 71-74 show three-dimensional models with difference
values as a colour map. The first view 71 shows a colour-
coded model of the bonnet from the top, the second 72 from
the bottom. The third and fourth view 73,74 show the
colour-coded edges of the bonnet. The different colours (in
this figure represented by diflerent shades) illustrate the
difference of the measured (or extrapolated) value and a
nominal value, for instance spatial deviations. For instance,
large deviations to the one side might be represented by red,
and those to the other side might be represented by violet,
wherein areas with no or little deviations could be repre-
sented by green.

Legends 78 explaining the meaning of each colour 1n the
respective view 71-74, e.g. a number range of the difference
value, are also provided 1n this example.

The video output shows an objects sequence preferably 1n
such a way that long-term patterns 1n the production process,
such as trends 1n quality or iterations of systematic prob-
lems, become visible to the user.

FIG. 12 shows the same freeze image of the video output
as FIG. 11, wherein further information has been added to
the video output. In the third view 73 of the bonnet, a
numerical value 80 shows a tolerance level value, and in the
first view, different kinds of possible warning signs 81-83
are shown that may alert the user and draw his attention to
an 1nspection or difference value exceeding a pre-defined
threshold. The warning signs may comprise a highlighting
81 of the aflected region, e.g. flashing; visual signs 82
appearing around the problematic model; and/or acoustic
signals 83.

Additionally, background information, such as data about
the used sensor system, can be displayed 1n the visual report
template 70, e.g. as described above with respect to FIGS. 2
to 9.

Although the mnvention is illustrated above, partly with
reference to some preferred embodiments, 1t must be under-
stood that numerous modifications and combinations of
different features of the embodiments can be made. All of
these modifications lie within the scope of the appended
claims.

What 1s claimed 1s:

1. A method for capturing and analyzing process moni-
toring data of a measuring system, the method comprising;:

performing with one or more sensors of the measuring

system a measuring operation of a series ol basically
identical objects, the measuring operation comprising a
multitude of measuring sequences, each measuring
sequence comprising the measuring of values of fea-
tures of an object of the series;

performing a multitude of monitoring operations, wherein

cach monitoring operation comprises capturing moni-
toring data during a measuring sequence, the monitor-
ing data of each measuring sequence including at least
one 1mage comprising the measuring system and/or a
measurement environment:
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selecting a subset of measuring sequences from the mul-
titude of measuring sequences, the subset comprising
no more than a tenth of a total number of measuring
sequences of a given period of time; and

visualizing an 1image sequence comprising the images of
the monitoring data of the measuring sequences of the
subset, wherein the order of the images 1n the image
sequence 1s optimized for determining changes occur-
ring 1n the measuring system and/or in the measure-

ment environment,

wherein:

the measuring sequences of the subset are distributed
evenly over the multitude of measuring sequences,
wherein the 1image sequence provides the images 1n a
chronological order; or

for preventing artefacts, particularly for preventing alias-
ing ellects, the subset of the measuring sequences are
distributed unevenly over the multitude of measuring
sequences, wherein the distribution of monitoring
operations 1s at least partially subject to a randomiza-
tion function.

2. The method according to claim 1, further comprising;:
subtracting data of the measured object from the moni-
toring data of the measuring sequences of the subset
before visualizing the 1mage sequence.
3. The method according to claim 1, further comprising:
generating a video output comprising a visual report
template for sequentially presenting the images of the
monitoring data of the measuring sequences of the
subset to a user, wherein for each object of the subset
the video output comprises a simultaneous presentation
of at least two diflerent 1mage sequences.
4. The method according to claim 1, wherein:
the visualization comprises a statistical analysis, particu-
larly comprising a Fourier analysis for identifying
periodical events;
the visualization comprises colour mapping;
the visualization comprises a split screen showing at least
two 1mage scenes simultaneously; and/or
the 1mage sequence provides the 1images in a non-chrono-
logical order.
5. The method according to claim 1, wherein:
the monitoring operations are performed only for the
subset of the measuring sequences.
6. The method according to claim 1, wherein:
cach monitoring operation comprises capturing an image
at a pre-defined condition of the measuring system or at
a pre-defined point 1n time of the measuring sequence.
7. The method according to claim 1, wherein:
the monitoring data comprises temperature data of a
surface of a part of the measuring system and/or of the
measurement environment and/or temperature data of
the air.
8. The method according to claim 1, wherein:
the subset comprises no more than a fiftieth of a total
number of measuring sequences of a given period of
time.
9. A process monitoring system for capturing and long-
term analyzing of monitoring data of a measuring system,
wherein the measuring system 1s adapted for a measuring
operation of a series of basically identical objects the
measuring operation comprising a multitude of same
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measuring sequences, each measuring sequence coms-

prising the measuring of values of features of an object

of the series,

wherein the monitoring system comprises:

at least one monitoring means adapted to perform a
multitude of monitoring operations, wherein each
monitoring operation comprises capturing monitor-
ing data during a measuring sequence, the monitor-
ing data including at least one 1image of the measur-
ing system and of a measurement environment;

computing means configured to:
select a subset of measuring sequences from the

multitude of measuring sequences, the subset
comprising no more than a tenth of a total number
of measuring sequences of a given period of time;
and

visualize an 1mage sequence comprising the images
of the monitoring data of the measuring sequences
of the subset, wherein the order of the 1mages 1n
the 1mage sequence 1s optimized for determining
changes occurring in the measuring system and/or
in the measurement environment

wherein the computing means are configured to select the

subset so that:

the measuring sequences of the subset are distributed

evenly over the multitude of measuring sequences,
wherein the 1mage sequence provides the 1images 1n a
chronological order; or

the subset of the measuring sequences are distributed

unevenly over the multitude of measuring sequences,
wherein the distribution of monitoring operations 1s at
least partially subject to a randomization function.
10. The process monitoring system according to claim 9,
wherein at least one monitoring means 1s:
a part of the measurement system and adapted to measure
values of features of an object of the series, and/or

adapted to capture surface temperature data of a part of
the measuring system and/or of the measurement envi-
ronment.

11. The process monitoring system according to claim 9,
wherein at least two monitoring means adapted to capture at
least:

two 1mages at the same time from different positions,

two 1mages 1n diflerent wavelengths,

a stereoscopic 1image, and/or

an 1mage and a point cloud of the same surface.

12. The process monitoring system according to claim 9,
wherein the computing means 1s adapted to:

subtract data of the measured object from the captured

monitoring data;
analyze the monitoring data statistically, wherein the
computing means 1s adapted to perform a Fourier
analysis for 1dentitying periodical events; and/or

match monitoring data from various measurement sys-
tems and integrating them to a single view.

13. The process monitoring system according to claim 9,
wherein the computing means 1s adapted to perform part
matching and flush and gap analysis to determine match
between key assembled parts before their actual assembly.

14. One or more non-transitory computer-readable media
storing one or more programs that are configured, when
executed, to cause one or more processors to execute the
method of claim 1.
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